The paper studies the behavior of an (1 + 3)th-dimensional, delayed renewal process with dependent components, the first three (called active) of which are to cross one of their respective thresholds. More specifically, the crossing takes place when at least one of the active components reaches or exceeds its assigned level. The values of the other two active components, as well as the rest of the components (passive), are to be registered. The analysis yields the joint functional of the "crossing level" and other characteristics (some of which can be interpreted as the first passage time) in a closed form, refining earlier results of the author. A brief, informal discussion of various applications to stochastic models is presented.
Introduction
The behavior of sums of independent random variables about a fixed level is a classical theme in the theory of fluctuations. In various applied probability models, the information about the level crossing and first passage time of the sum of random variables is of significant importance. In the case of nonnegative random variables, one can derive tame analytic formulas for corresponding functionals of the "first excess level" and first passage time [1] .
In a basic scenario, we consider a marked delayed renewal process with dependent marking, so that the marks, as the marginal process, also form a delayed renewal process. Generally speaking, it is a two-dimensional renewal process, say (rn,Mn) with mutually dependent components, the first of which represents some events on the time axis. The marked process M n (which can be both discrete-or continuous-valued) evolves until it crosses a fixed, non-negative threshold upon one of the events -n" Consequently, this component process is called active, while the other component r n is passive.
A common application is queueing with N-policy and vacations (see Heyman [7] ,and Li and Niu [12] ). In this case, the idle or vacationing server gets back to service when the accumulated work, in terms of the cumulative service time, hits a specified level D. A combination of the two policies, suggested and studied in Dshalalow [5, 6] , yielded yet another practical application; the server would resume his primary work when the number of units in the buffer or the cumulative work hit their respective levels, whichever of the two comes first. This is associated with a three-dimensional renewal process, say (-n 
The proof of this theorem is almost identical to that of Theorem 1. The formula restoring the functional E[uuAuvBuwCue Oru] is also very similar to (48)"
